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Ethnopharmacological relevance: Himatanthus articulatus (Apocynaceae) is a plant native to the Amazon,
popularly used to treat external ulcers, tumors, inﬂammations, cancer, syphilis and malaria.
Aim of the study: To investigate the in vivo genotoxic and mutagenic potential of this plant, using the
comet assay and the micronucleus test.
Material and methods: Female and male adult mice were treated with 500 mg/kg, 1000 mg/kg or
2000 mg/kg of Himatanthus articulatus aqueous or ethanolic bark extracts by gavage for two consecutive
days. In addition, blood slides were exposed to hydrogen peroxide (ex vivo) to evaluate the antic-
lastogenic effect using the comet assay. The HPLC analyses indicated plumieride as the main constituent
of both extracts from Himatanthus articulatus barks.
Results: No differences between genders were observed. Micronuclei were observed only in the group
treated with the highest dose of both extracts. Conversely, lower doses of these extracts showed
protective effects to DNA against damage induced by hydrogen peroxide, indicating an important
antigenotoxic effect.
Conclusions: The toxicological evaluation indicated that the extracts are non-genotoxic and reduce the
clastogenic damage induced by hydrogen peroxide. In part, this result can be atributted to the
phytochemical proﬁle of Himatanthus articulatus, which presents iridoids and phenolic compounds.
& 2013 Elsevier Ireland Ltd. Open access under the Elsevier OA license.1. Introduction
Research has described the use of the bark of several Apoc-
ynaceae genera, such as Plumeria, Himatanthus, and Allamanda in
South America. The species under the Himatanthus genus have
several common names, like janaguba, janauba, timporna, sucuba
(Spina, 2004). This genus is widely used as medicinal plant in
different South-American countries (Ferreira et al., 2006; Milliken,
1997; Suffredini and Daly, 2004). In Brazil, Himatanthus articulatus
is known as sucuba, and from the therapeutic standpoint is one of
the medicinal plants most widely used in the northern Amazon.
According to ethnobotanical sources, Himatanthus articulatus is
used as phytotherapeutic drug by the Macuxi, Maiongong, Taur-
epang, and Ingarikó indigenous groups (Milliken, 1995).
The extracts of Himatanthus articulatus bark are prepared with
water or alcohol, and are frequently consumed to treat ulcers,m Biologia Celular e
na do Brasil – ULBRA, Av.
é - Canoas – RS,
Silva), tcheferraz@gmail.com,
der the Elsevier OA license.tumors, inﬂammations, cancer (Agra et al., 2008; Coelho-Ferreira,
2009; Luz, 2001), syphillis (Barreto et al., 1998), and malaria
(Milliken, 1997). Several parts of this plant are habitually sold in
stalls and herbal healers in the north, northeast and Midwestern
Brazil (Pinto and Maduro, 2003). However, only three papers have
been published on the properties of Himatanthus articulatus bark
extracts: a phytochemical study that isolated and identiﬁed
terpenes and iridoids (Barreto et al., 1998); a biological investiga-
tion on the antibacterial and antifungal activity of the species
(Sequeira et al., 2009); and a paper that analyzed the cytotoxic
activity of Himatanthus articulatus bark fractions against tumor cell
lines (Rebouças et al., 2011).
According to data from the World Health Organization (2008),
plants stand as permanent sources of biologically active com-
pounds, used by about 80% of the world's population, both in
natural form like teas, for instance, and manufactured drugs (Horn
and Vargas, 2008). The utilization of certain plants in combating
diseases is common practice among native populations. However,
in most cases there is no proof of efﬁcacy of treatment in popular
use, or the possible adverse effects of medicinal plants is not
appropriately assessed (Silveira e Sá et al., 2003).
In spite of the wide array of beneﬁcial applications of plants, it
is important to consider that some plant constituents may actually
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metabolites able to exert this same activity (Ames, 1983; Franke
et al., 2006). In vitro research has revealed that many plants used
as food or medicine are mutagenic and potentially toxic as a result
thereof (Elgorashi et al., 2003). As new natural compounds are
launched in markets as medicinal drugs and industrial and
agricultural chemicals, their toxic or genotoxic action on human
or on genetic material should be evaluated to a more comprehen-
sive extent, in an effort to prevent the use of substances that could
interact and cause severe cellular and molecular organization
disorders (Horn and Vargas, 2008). Due to the increasing trend
to integrate traditional medicine with primary health care, issues
around safety and toxicology of the commonly used medicinal
plants have become more momentous nowadays (Fennell et al.,
2004).
In an attempt to offer a contribution in the assessment of
health risks due to ingestion of this Himatanthus articulatus, this
study analyzes the in vivo genotoxic and mutagenic activities of
aqueous and ethanolic extracts of this species’ barks, using the
comet assay in whole blood cells and the micronucleus test in the
bone marrow and blood cells of mice.Fig. 1. HPLC chromatograms of (A) isolated plumieride (2.4 mg/mL), (B) aqueous
(3.13 mg/mL) and (C) ethanolic (0.46 mg/mL) extracts from Himatanthus
articulatus barks.2. Materials and methods
2.1. Plant material
Himatanthus articulatus (Vahl) Woodson bark was collected
from Campus Cauame (Monte Cristo), Federal University of Ror-
aima (UFRR), in August, 2009 (GPS coordinates 21 51′48″N, 601 43′
01″W). A voucher specimen was deposited at the Herbarium of the
National Institute of Amazonian Research, INPA Manaus, Amazo-
nas, Brazil, recorded under number 214743.
2.2. Preparation of extracts
The fresh aerial parts of the plant were air-dried at room
temperature for 15 days. The dried barks (250 g) were ﬁnely
milled and submitted to an extraction with water by decoction
for 15 min (1/10 plant/solvent). After cooling, the ﬁltered extract
was frozen and concentrated by lyophilization for ﬁve days over-
night, in order to obtain 56.44 g (yield: 22.6%, w/w) of Hima-
tanthus articulatus aqueous extract (AEHA).
The ethanolic extract was prepared macerating 250 g of dried
barks in ethanol (1/10 plant/solvent; 3 h24 h). The Himatanthus
articulatus ethanolic extract (EEHA) was ﬁltered and concentrated
to dryness, under reduced pressure and temperature lower than
40 1C, yielding 45.8 g (18.3%, w/w). Both extracts were kept in
vacuum desiccator to produce a completely dry solid mass.
2.3. Materials/chemicals and reagents
N-nitroso-N-ethylurea (ENU; Sigma) was administered intra-
peritoneally and used as the DNA damaging agent (positive
control) in the comet assay and in the micronucleus test. The
main chemicals used were obtained from the following suppliers:
normal melting point (NMP) agarose and low melting point (LMP)
agarose (Invitrogen); ethylenediaminetetraacetic acid (EDTA),
sodium salt N-lauroyl sarcosine, Folin Ciocalteu, rutin, pyrogallol,
acetonitrile, triﬂuoroacetic acid were purchased from Sigma
(St. Louis, USA).
2.4. Isolation and structure elucidation of plumieride
One gram of the butanolic fraction was subjected to silica
gel-column chromatography using mixtures of hexane–ethylacetate–methanol of increasing polarity. Seven fractions (F1–F7)
were obtained. The main product, HA1, was detected in F5 (by TLC)
and isolated (38 mg; 3.8% yield) by preparative TLC, performed on
20 cm20 cm glass supported plates covered with 0.5 mm silica
gel GF254 (Merck) with ethyl acetate–methanol–water
(100:13.5:10). HA1 was visualized under visible and UV light
(254 nm) and submitted to nuclear magnetic resonance (1H NMR
and 13C NMR) analyses. The chemical structure of the isolated
compound was identiﬁed by nuclear magnetic resonance (Bruker
400) using 1H NMR (400 MHz), 13C NMR (100 MHz), 2D NMR
analysis, and by comparison of spectral data available in the
literature (Malheiros et al., 1997). MeOD was used as solvent to
obtain both HA1 magnetic resonance spectroscopy spectra.
2.5. HPLC analyses
Chromatographic analysis of AEHA, EEHA and plumieride were
performed with a Waters 2695 Alliance Separation Module
equipped with a quaternary, low-pressure mixing pump and inline
vacuum degassing, controlled by an IEEE-488 interface module, an
automatic injector and a Waters 2487 λ Dual Wavelength UV
Detector with wavelength range of 190 nm to 700 nm. Solvents
were ﬁltered using a Millipore system and analysis was performed
on a Waters Spherisorb 5-μm ODS2 column (250 mm4.6 mm
I.D.). All the samples were strained through 0.45-μm ﬁlter (Sartor-
ius) before analysis. The mobile phase was acetonitrile (A) and
water containing 0.05% triﬂuoroacetic acid (TFA) (B). The composi-
tion gradient used was: 5% (A) -25% (A) for 20 min; 25% (A) for
5 min; thereafter to 40% (A) for 15 min and then 5% (A) again for
8 min and 5% (A) for an extra 7-min period. The injection volume
was 20 μL and the samples were monitored at 230 nm. A constant
ﬂow-rate of 1 mL/min was used during analysis. HPLC grade
solvents and milli-Q water were used in the chromatographic
studies. All chromatographic experiments were performed at
room temperature, based on the method described by Silva et al.
(2007).
Plumieride (Fig. 1) and both extracts were dissolved in the
methanol/water (1:1) and sieved through a 0.20-μm Millipore
ﬁlter before the injection in the HPLC system. Quantiﬁcation of
compounds present in both extracts was performed using an
external standard method.
2.5.1. Analytical curve of plumieride
A standard calibration curve was prepared weighing 24 mg of
plumieride and dissolving in 10 mL of methanol/water (2400 μg/
mL). Aliquots of this solution were diluted in methanol to obtain
concentrations corresponding to 24 μg/mL, 48 μg/mL, 72 μg/mL,
96 μg/mL, 120 μg/mL and 240 μg/mL. All these solutions were
analyzed by HPLC-UV. Each solution was injected in triplicate
and the analytical curve was constructed with using the mean
values. The retention times, capacity factor (k′), regression
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(R) determined as standard are given in Fig. 2. The limit of
detection was determined as 0.12 μg/mL.2.5.2. Linearity
Linearity was evaluated using analytical curves with plumieride
standard solutions in the range of 24–240 μg/mL. Three sets of six
different calibration solutions were injected into the chromato-
graphic system in triplicate. The 18-point analytical curve was
plotted and statistically evaluated. Linearity was good and the
correlation coefﬁcient was 0.9985.
2.6. Determination of total phenols and tannins
2.6.1. Total phenols
Phenols were quantiﬁed according to the Folin–Ciocalteu
method, described in the British-Pharmacopoeia (2007). Brieﬂy,Fig. 2. Chemical struct100 mg of each extract were dissolved in water and diluted in a
50-mL volumetric ﬂask. The samples were then ﬁltered through
Whatman 9 cm ﬁlter paper. After, 5.0 mL of this ﬁltrate were
added to 25 mL with water. Next, 2.0 mL of this solution were
mixed with 1.0 mL of Folin–Ciocalteu reagent and 10.0 mL of
water; dilution to 25.0 mL with 15% sodium carbonate solution
ensued. After 30 min absorbance 760 nm was measured. The
determinations were performed in triplicate (n¼3) and total
phenolics content was expressed as percentage of pyrogallol
equivalents (PE).2.6.2. Total tannins
Tannins were quantiﬁed according to the Folin–Ciocalteu
method described in the British-Pharmacopoeia (2007). Ten g of
casein were added to 10 mL of the ﬁltrate and shaken vigorously
for 60 min. Samples were then ﬁltered through Whatman 9 cm
ﬁlter paper and centrifuged for 8 min at 30,000 rpm. Five mL ofure of plumieride.
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solution were mixed with 1.0 mL of Folin–Ciocalteu reagent and
10.0 mL of water; dilution to 25.0 mL with 15% sodium carbonate
solution ensued. After 30 min, absorbance 760 nm was measured.
The quantity of tannins corresponds to the difference between the
value encountered in this latter analysis and that obtained by
measuring total phenols. The determinations were performed in
triplicate (n¼3) and total tannins content was expressed as
percentage of pyrogallol equivalents (PE).
2.7. Determination of total ﬂavonoid content
The total ﬂavonoid content was determined following the
colorimetric method using aluminum chloride (Woisky and
Salatino, 1998). In short, a number of dilutions of quercetin were
obtained to prepare a calibration curve. Flavonoid content was
determined dissolving 50 mg of each sample in water and sub-
sequent dilution with ethanol in a 25-mL volumetric ﬂask. Next,
1 mL of aluminum chloride solution 2.5% was added to 2.0 mL of
the stock solution in a 25-mL volumetric ﬂask. The ﬁnal volume
was adjusted with ethanol. After 30 min, readings at 425 nm were
performed in a Shimadzu spectrophotometer, for each solution.
The determinations were performed in triplicate (n¼3) and the
total contents of ﬂavonoid in the extracts were expressed as
quercetin equivalents (QE) in mg/g of extract.
2.8. Animals and treatments
A total of 80 male and female (CF-1) mice weighing
26.2371.87 g from our breeding colony were used free of speciﬁc
pathogens. Animals were housed in cages, received commercial
standard mouse cube diet (Nuvilab, CR1, Moinho Nuvipal Ltda,
Curitiba, PR, Brazil) and water ad libitum, under a 12-h light/ dark
cycle, and at a constant temperature of 2373 1C and relative
humidity about 60%. All experimental procedures were carried out
in accordance with the Guide for the Care and Use of Laboratory
Animals of the National Institutes of Health (NIH). This study was
approved by an internal ethics committee animal experimentation
of the Lutheran University of Brazil (CEP-ULBRA 2008-018A).
Groups with 10 animals were formed (5 male and 5 female),
and treated by gavage with aqueous extract (AEHA) or ethanolic
extract (EEHA) of Himatanthus articulatus (D1: 2000 mg/kg; D2:
1000 mg/kg; D3: 500 mg/kg). A positive control (treated with ENU
by i.p. 50 mg/kg) and negative control (treated with water) were also
included. All animals received treatment for 2 consecutive days
(OECD, 1997). The comet assay was carried out using peripheral
blood samples collected from mouse tail tips by means of a small
incision (about 15 μL) 3 h, 6 h and 48 h after the beginning of the
experiment. Samples were then immediately mixed with heparine
(7 μL). The animals were sacriﬁced by cervical dislocation 48 h after
the ﬁrst dose, when blood and bone marrow were collected for the
comet assay and the micronucleus test.
DNA damage was induced ex vivo by exposing the blood cells to
0.25 mM H2O2 on slides. In order to establish the protective ability
of the extracts against the oxidative stress induced by H2O2, the
comet assay was performed with all animals pre-exposed to AEHA
and EEHA. The slides were exposed to H2O2 for 5 min (ex vivo)
(Lovell and Omori, 2008).
2.9. Comet assay
The alkaline comet assay was performed as described by Singh
et al. (1988) and as modiﬁed in Nunes et al. (2011). Cells were
obtained according to the method described by Tice (1995), using
whole heparinized blood. Cells isolated from tissues (10 μL) were
embedded in 95 μL of 0.75% (w/v) low melting point agarose(Gibco BRL) and the mixture dropped onto a microscope slide pre-
coated with 1.5% (w/v) of normal melting point agarose and
topped with a coverslip. The slide was brieﬂy placed on ice for
the agarose to solidify, and the coverslip carefully removed. All
slides were prepared in quadruplicate. Then, slides were exposed
to either PBS (two slides) or 0.25 mM freshly prepared H2O2
solution (ex vivo treatment) for 5 min, at 4 1C (two slides) (Lovell
and Omori, 2008; Rodrigues et al., 2009). Next, the slides were
immersed in lysis solution (2.5 M NaCl, 100 mM EDTA and 10 mM
Tris, pH 10.0–10.5) containing freshly added 1% triton X-100 and
10% dimethyl sulfoxide (DMSO) for at least 1 h at 4 1C.
Subsequently, the slides were incubated in freshly made alkaline
buffer (300 mM NaOH and 1 mM EDTA, pH413) for 20 min for DNA
unwinding, and electrophoresed in the same buffer. The electrophor-
esis conditions were 15 min at 300 mA and 25 V (0.7 V/cm). All these
steps were carried out under dim indirect light.
Following electrophoresis, slides were neutralized in 400 mM
Tris (pH 7.5) and ﬁxed (15% w/v trichloroacetic acid, 5% w/v zinc
sulfate, 5% glycerol), washed in distilled water and left to dry
overnight. The gels were re-hydrated for 5 min in distilled water,
and then stained for 15 min (37 1C) with a solution containing the
following sequence: 34 mL of Solution B (0.2% w/v ammonium
nitrate, 0.2% w/v silver nitrate, 0.5% w/v tungstosilicic acid, 0.15% v/
v formaldehyde, 5% w/v sodium carbonate) and 66 mL of Solution
A (5% sodium carbonate). Staining was stopped with 1% acetic acid
and the gels were air-dried (Nadin et al., 2001) and inspected
using a microscope.
Images of 100 randomly selected cells (50 cells from each of
two replicate slides) were analyzed from each animal; all sides
were coded for blind analysis (Lovell and Omori, 2008). Cells were
also visually scored according to tail size into ﬁve classes ranging
from undamaged (0) to maximally damaged (4), resulting in a
single DNA damage score to each animal, and consequently to each
studied group. According to this classiﬁcation, damage index can
range from 0 (completely undamaged, 100 cells X 0) to 400 (with
maximum damage, 1004). The frequency (DF in %) was calcu-
lated for each sample based on the number of cells with tail versus
those without.
2.10. Micronucleus assay
The micronucleus assay was performed according to the US
Environmental Protection Agency Gene-Tox Program (Mavournin
et al., 1990). Whole blood and bone marrow smears were prepared
on slides after 48 h, when animals were killed by cervical disloca-
tion. The bone marrow was extracted from the two femurs. Smears
were prepared directly on slides, two per animal and per tissue.
Bone marrow smear was prepared with a drop of fetal calf serum.
The slides were stained with 5% Giemsa, air-dried and coded for
blind analysis. To avoid false negative results and as a measure of
toxicity in bone marrow, the polychromatic erythrocytes: normo-
chromatic erythrocytes (PCE/NCE) ratio was scored in 1000 cells.
The incidence of micronuclei (MN) was observed in 2000 PCE and
2000 peripheral blood reticulocytes (RET) for each animal (i.e.
1000 from each of the two slides prepared from the duplicate),
using bright-ﬁeld optical microscopy (200–1000 magniﬁcation).
All sides were coded for blind analysis. The test groups were
compared to the respective negative controls by gender, separately
and in combination.
2.11. Data analysis
Results are expressed as means7standard deviation, and
statistical signiﬁcance between the ﬁve groups and gender was
determined by One-Way Analysis of Variance (ANOVA, Dunnett's
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considered as indicating statistical signiﬁcance.3. Results
3.1. Determination of total ﬂavonoids, phenols and tannins
The amount of total phenols, tannins and ﬂavonoids in the
ethanolic extract (3.7870.01, 2.1670.03, 3.1070.11) were always
higher than in the aqueous extract (1.3870.04, 0.4870.06,
1.2870.01) from Himatanthus articulatus bark.
3.2. 3.2. HPLC analyses
The HPLC method provided the quantiﬁcation of plumieride in
the AEHA and EEHA samples. This iridoid was detected in both
extracts (Retention time¼11.9 min) by comparing its chromato-
gram with that obtained from the pure substance used to prepare
the standard curve. The analytical curve showed linearity in the
concentration range used as standard (Regression equation
y¼28097xþ225393, R¼0.9985). The HPLC analysis showed that
plumieride was the main constituent of both extracts from
Himatanthus articulatus barks, corresponding to 1.7970.02 in
AEHA and 18.2370.14% in EEHA (Fig. 1).
3.3. Comet assay
The comet assay data concerning genotoxicity, expressed as
Damage Index (DI) and Damage Frequency (DF), for peripheral
blood of Mus musculus exposed to AEHA or EEHA, as well as
negative and positive controls, for different exposure times (3 h,
24 h and 48 h) per gender and per group are presented in
Supplementary Table 1. No statistically signiﬁcant difference was
observed in DI and DF for different exposure times in negative
controls (exposed to water). The same was observed for animals
exposed to EEHA and AEHA. Statistically signiﬁcant difference was
observed only in positive controls, with higher DI when compared
to negative controls. No signiﬁcant difference was found between
genders in the different exposure groups and exposure times.
We also checked the anticlastogenic activity after H2O2 chal-
lenge. The intervention with EEHA and AEHA signiﬁcantly
increased the ability to remove the DNA against damage generated
by H2O2 in blood cells isolated from animals, both after 3 h, 24 h
and 48 h (Supplementary Table 2).
3.4. Micronucleus assay
Results of the micronucleus test using peripheral blood and
bone marrow cells collected after 48 h are presented in Supple-
mentary Table 3. Signiﬁcant difference in micronucleus frequency
in blood cells was observed between the highest dose of AEHA
(2000 mg/kg) and the highest dose of EEHA (2000 mg/kg), com-
pared to negative controls. No dose-effect was detected. No
difference was observed in the PCE/NCE ratio, neither between
genders.4. Discussion
Himatanthus articulatus is native to the Amazon. This plant is
popularly used to treat external ulcers, tumors, inﬂammations,
cancer, syphilis and malaria. In an effort to improve assessment of
possible health risks associated with the ingestion of this medic-
inal plant, in this study we analyzed in vivo genotoxic andmutagenic effects induced by aqueous and ethanolic extracts of
Himatanthus articulatus.
The data obtained reveal that Himatanthus articulatus exerts no
genotoxic effects, but the plant species presents anticlastogenic
activity. These effects were also observed, in a study on the latex of
Himatanthus articulatus (Rebouças et al., 2012). Our results also
showed that animals treated with the two bark extracts increase
resistance to DNA damage induced by H2O2 in blood cells,
irrespective of the dose ingested (Supplementary Table 2). Oxida-
tive stress induced by H2O2 in human cells led to DNA strand
breaks, as measured in the comet assay. H2O2 is thought to react
with iron or copper ions in the nucleus, with the generation of free
radicals, including the hydroxil radicals generated by Fenton
reaction (close to the DNA), resulting in DNA damage (Aherne
and O'Brien, 1999). In this assay, the phenolic compounds can
attenuate H2O2-induced DNA strand breaks, protecting cellular
membranes against free radical-mediated damage (Farombi et al.,
2004).
The precise DNA protective mechanism of Himatanthus articu-
latus extracts has yet to be determined, but like others extracts,
the phytoconstituents would appear to inhibit P450 mediated
oxidation of the promutagen (Mitscher et al., 1996; Barcelos
et al., 2007). The antioxidant property produced by extracts due
to the presence of phenolic compounds is the more accepted and
referred mechanism of action in studies analyzing protective
activities. The mutagens that require metabolic activation by
cytochromatic enzymes to express their mutagenicity are also
called promutagens. Some phenolic compounds could modify the
binding site of mutagens on DNA to avoid the damage of DNA by
electrophilic molecules (Chen and Yen, 1997). Antimutagens can be
classiﬁed as either desmutagens or bio-antimutagens depending
upon their mechanism of action. Desmutagens exhibit their anti-
mutagenicity by inactivating mutagens or their precursors, by
inhibiting the activity of metabolic enzymes, or by preventing
the ultimate mutagen from interacting with DNA. In contrast, bio-
antimutagens reduce the effects of mutagens by modulating the
cellular changes involved in repairing DNA damage (Chen and Yen,
1997), that appear to be the case of the extracts used in this study.
Our data showed that EEHA and AEHA were protective against
to DNA damage induced by hydrogen peroxide. In part such effect
can be linked to the presence of phenolics compounds, tannins
and ﬂavonoids. Indeed, it has been well established that the
presence of phenolic compounds in plant extracts contributes
signiﬁcantly to their antioxidant potential (Dudonné et al., 2009).
For this reason, the possibility that the observed protection may be
imputed to the presence of phenolic compounds such as ﬂavo-
noids (biochanin A, dihydrobiochanin A, dalbergioidin, naringenin,
ferreirin, and dihydrocajanin), and the lignan pinoresinol isolated
from Himatanthus sucuuba barks by Waltenberger et al. (2011)
should not be ruled out. Moreover, the literature has shown that
naringenin (Prabu et al., 2011), dalbergioidin (Lee et al., 2010), and
pinoresinol (Kim et al., 2010) exert antioxidant or protective
effects.
The presence of plumieride in both EEHA and AEHA may also
be behind the protective properties and the low DNA damages
induced by the extracts. In fact, the higher contents of this
compound in EEHA may be associated with the slight more
protective effects this extract exhibits, when compared with AEHA.
Recent work has shown that, among other substances isolated
from Himatanthus sucuuba bark, plumericin exerts the highest
anti-inﬂammatory action (Waltenberger et al., 2011). This kind of
spirolactone iridoid is not so commonly found in nature. Only
around 10 structurally related compounds have been isolated
in species of the genera Himatanthus, Plumeria and Allamanda
(Abdel-Kader et al., 1997; Castillo et al., 2007). Some of them, such
as plumericin, isoplumericin, plumieride, isoplumieride,
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in different species of the Himatanthus genus, such as Himatanthus
sucuuba (Castillo et al., 2007), Himatanthus fallax (Abdel-Kader
et al., 1997) and Himatanthus articulatus (Barreto et al., 1998).
Wide-ranging studies revealed that iridoids exhibit a wide range of
bioactivity, such as neuroprotective, antinﬂammatory and immuno-
modulator, hepatoprotective and cardioprotective effects. Anticancer,
antioxidant, antimicrobic, hypoglycaemic, hypolipidemic, choleretic,
antispasmodic and purgative properties were also reported (for review
see Tundis et al., 2008).
The data obtained in the present study reveal that both EEHA
and AEHA are able to reducing clastogenic events at the given
concentrations. Since antioxidant activity plays as very important
role in the protection of the DNA against the attack of the hydroxyl
radical in hydrogen peroxide, this activity also can be related with
the protective effects of the iridoids present in EEHA and AEHA.
The iridoid named oleuropein is a non-toxic compound that acts
as an antioxidant, protecting the cells against genetic damage
(Hamdi and Castellon, 2005). Catalpol, another iridoid, has been
described to exert hepatoprotective and anti-inﬂammatory action
(Dinda et al., 2009). This compound was able to protect cell
viability and to reduce intracellular ROS formation in astrocytes
from oxidative stress induced by H2O2, and may be an attractive
candidate for the treatment of various neurodegenerative disor-
ders associated with oxidative stress (Bi et al., 2008). Aucubin is
another iridoid that showed protective effects. Jin et al. (2008)
showed that aucubin controls hyperglycemia and antioxidant
protection of pancreatic β cell against damage induced by strepto-
zotocin, and was shown to be a preventive agent against diabetes
mellitus. Pre-treatment with aucubin in human skin ﬁbroblast
HS68 cell lines signiﬁcantly inhibited ROS formation and malon-
dialdehyde levels, increasing cell viability and glutathione after
exposure to UVB radiation (Ho et al., 2005).
Under the conditions deﬁned in this study, the Himatanthus
articulatus extracts (AEHA and EEHA) demonstrated non-genotoxic
effect, as assessed using the comet assay. Here, only the highest
dose used (of both extracts) exerted mutagenic effect, though with
neither dose–response nor dose–duplicator, which are important
aspects in assessments of mutagenic effects (Mavournin et al.,
1990). The comet assay was used to detect recent DNA damage,
such as single and double strand breaks, alkali-labile sites,
DNA–DNA and DNA–protein crosslinks (Singh et al., 1988; Tice,
1995), while the micronucleus test was used to detect clastogenic/
aneugenic activities, which leads to increasing frequency of micro-
nucleus, and suggests mutagenic effects at chromosomal level
(Mavournin et al., 1990).5. Conclusions
Under the experimental conditions used in this study, AEHA
and EEHA of Himatanthus articulatus did not induce DNA damage,
indicating that they are non-genotoxic extracts. Nevertheless,
micronuclei were induced in treated mice by the highest dose of
both extracts. AEHA and EEHA are able to reducing clastogenic
events in vivo, protecting the DNA against damage induced by
hydrogen peroxide. This anticlastogenic activity observed can be
explained in the light of the phytochemical proﬁle of AEHA and
EEHA, which presents ﬂavonoids, tannins and iridoids. In fact, the
active constituents of Himatanthus articulatus bark extracts has not
been precisely identiﬁed but ﬂavonoids, tannins, phenols and
plumieride alone or combined have been demonstrated protective
effects against a variety of mutagens in different test systems.
Therefore, our results add new information about the toxicity
potential of Himatanthus articulatus extracts, which is popularly
used in the Amazon to treat different pathologies.Acknowledgements
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